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(57) Abstract 

The hydrosilylalion of terminal double bonds in polypropylene (PP) or other polymers is effected in the melt phase. The double bonds 
were created by peroxide initiated degradation of PP in an extruder or a batch mixer. A hydride terminated polydimelhylsiloxane is employed 
as a model substance to investigate the feasibility of hydrosilylating the terminal double bonds of the degraded polypropylene. The reaction 
may be carried out in three different reactors, namely a hot press, a batch mixer and a screw extruder. Two different reaction mechanisms 
may be used to effect the hydrosilylation reaction, namely a radical chain addition mechanism and a platinum catalysed mechanism with a 
colloid forming catalyst, platinum divinyltetramethyldisiloxane (Karstedfs catalyst). Catalytic amounts of a peroxide initiator arc able to 
initiate the addition of stianes to the double bonds of the degraded polypropylene. Both reactions, namely degradation and hydrosilylation, 
may be performed simulianously. A platinum colloid formed in the initial stage of the platinum catalysed hydrosilylation may be stabilized 
by adding t-butylhydroperoxidc as cocataiyst. which results in the hydrosilylation at high yields. 
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TITLE OF mVENTION 
RYDROSILYLATION OF POLYPROPYLENE 



FIELD OF IMVENTION 

5 The present invention relates to the 

hydrosilylation of polypropylene and other polymers, 
particularly terminal double bonds provided therein. 



BACKGROUWD TO THE INVENTION 

10 The hydrosilylation reaction, namely the addition 

of a silicon hydride to a multiple bond, such as carbon- 
carbon, carbon-nitrogen, nitrogen-nitrogen, carbon- 
oxygen and nitrogen-oxygen, was first reported in 1947 
by Sommer, Pietrusza and Whitmore (ref. 1 - the 
15 identification of the references appears at the end of 
the specification) • Since then the reaction has been 
intensively studied and is currently the subject of 44 
reviews. Hydrosilylation can be catalysed radically, 
ionically or with a metal complex, such as platinum, 
20 rhodiuTTi, palladium. One of the advantages of the 
platinum-catalysed hydrosilylation is the tolerance of 
the reaction concerning the presence of functional 
groups, Oxiranes, acetals, esters, nitriles, amines, 
amides, nitro, ketone, carbamate, ether, isocyanate, 
25 phosphate, phosphonic dichloride, dialkoxy borane, 
sulfide, sulfone or carborane groups can be present 
without reacting (ref. 2), Many of these functional 
groups are of considerable interest in polymer science 
and it is, therefore, no coincidence that the 
30 application of hydrosilylation to f unctionalise polymers 
was soon investigated (refs. 3, 4). However, these 
reactions have almost exclusively been investigated in 
solution. Although this offers certain advantages, such 
as good temperature control, mild reaction conditions, 
35 and good diffusion (homogenization) , it is an energy and 
labour consuming process. The polymers have to be 
dissolved, precipitated after the reaction, and 
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subsequently dried. The solvents have to be disposed of 
or they have to be recycled by distillation. Especially 
with polymers displaying a low solubility, this is a 
serious process limitation. 
5 A patentability search conducted by the inventors 

has disclosed U.S. Patents Nos . 4,803,244, 5,409,995 and 
5,359,113 as potential prior art. 

SUMhdARY OF THE INVENTION 

10 In accordance with the present invention, there is 

provided a method of f unctionalising a polymer in the 
melt phase by effecting hydrosilylat ion to terminal 
double bonds in a polymer to provide a terminal silane 
on the polymer. 

15 The method of the present invention may be carried 

out through reactive extrusion, a method that has drawn 
more and more attention from the scientific community 
all over the world in recent years. The advantages of 
performing a reaction in an extruder are that the 

20 polymer may be f unctionalised and processed in the same 
step. An intermittent solidifying and remelting 

operation is not necessary. This single step operation 
saves time, labour, energy, and equipment costs. 

Polypropylene is a major commodity polymer used in 

25 industry. The low price, good thermal and mechanical 
properties, chemical inertness, crystallinity and 
hydrophobic character of polypropylene are desired in 
many applications. On the other hand, these features 
restrict its use in other highly profitable areas which 

30 are currently dominated by engineering plastics. 

Accordingly, the present invention provides a way 
to chemically alter polypropylene and other polym.ers to 
increase features, such as adhesion, chemical reactivity 
or hydrophilicity . This procedure further opens a path 

35 to the formation of interesting copolymers, the 
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production of compat ibilizers for inorganic fillers, or 
polymer blends. 

BRIEF DESCRIPTION OF DRAWINGS 

5 Figure 1 shows a radically induced hydrosiiylat ion 

reaction. The mechanism comprises the decay of the 
peroxide, .the formation of a silyi radical, attack of 
the silyl radical on the double bond, and subsequent 
formation of a saturated organosilane and a new silyl 
10 radical. 

Figure 2 shows a hydrosilyla tion reaction according 
to the mechanism of Lewis (refs. 8 and 9). The steps 
include the formation of the colloid, Si-H bond 
coordination to the surface of the oxygen stabilized 
15 platinum and finally, a nucleophilic attack of the 
olefin on the Si-H bond forming the new silicon product. 

Figure 3 shows the NMR of hydrosilyla ted 

polypropylene (5 wt%). 

Figure 4 is a thermogram of hydrosilyiated 
20 polypropylene (5 wt%). 

Figure 5 shows the FTIR for degradation and 
simultaneous hydrosilylation of PP. 

Figure 6 shows the influence of t- 
butyihydroperoxide on the activity of the catalyst. 
25 Figure 7 illustrates hydrosilylation of PP {5wt%) 

with a styryl-siloxane . 

GENERAL DESCRIPTION OF INVENTION 

Peroxide degradation of polypropylene, used to 
30 improve rheological properties (refs. 5, 6), leads to 
the formation of vinylidenes at the terminal site of the 
polymer chain. Consequently, the opportunity is given 
to use the hydrosilylation reaction to selectively 
f unctionalise the polymer chain at this terminal site. 
35 Two different pathways are applicable to accomplish this 
task. 
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The first is the radically-induced hydrosilylat ion 
(see Figure 1) . A peroxide initiator -(RO-OR) is used to 
form Si radicals which attack the terminal double bond 
of the polymer under formation of a carbon radical. The 
5 reaction follows Farmer's (ref. 4) rule which states 
that the silyl radical will attack the carbon atom of 
the double bond bearing the most hydrogen atoms. The 
reason for this lies in the different stabilities of the 
carbon radicals. In the subsequent step, the newly 

10 formed carbon radical abstracts a hydrogen atom from a 
hydrosilane. This results in the formation of the 
saturated organosilane and a new silyl radical. The 
reaction chain is closed. This reaction mechanism is of 
special interest since peroxides are also used to 

15 perform the degradation of the polypropylene. However, 
it should be pointed out that radical reactions always 
bear the danger of side reactions and grafting along the 
polymer chain. This result is undesirable in the 
attempt to form a terminally f unct iona 1 ised product. 

20 In 1957, J.L. Speier discovered the activity of 

hexachloroplatinic acid as a hydrosilylat ion catalyst. 
This material had such a high efficiency that it soon 
replaced all previous catalytic systems. The catalyst 
concentrations usually employed are in a range of about 

25 10"^ mol platinum per moi of hydrosilane, though 
concentrations as low as 10"" moi platinum per mol of 
hydrosilane have been reported (ref. 2). Today, even 
more reactive platinum catalysts are available. One of 
them is Karstedt's catalyst, namely platinum(O)- 

30 divinyl tet ramethyldisiloxane . As opposed to other 

highly reactive platinum olefin complexes, this catalyst 
can easily be derived from hexachloroplatinic acid (ref. 
7) and is commercially available. 

The mechanism of the platinum catalysed 

35 hydrosilylation with platinum olefin complexes such as 
Speier 's or Karstedt's catalyst, was long believed to be 
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of a homogeneous type, described by the mechanism of 
Chalk and Harrods (ref. 4). In 1986, Lewis (refs. 8 and 
9) proposed that colloid formation is the initial step 
in the hydrosilylat ion reaction, when catalysed by a low 
5 valence platinum catalyst. This colloid is stabilized 
with oxygen which is adsorbed on the catalyst surface. 
The platinum-oxygen complex can coordinate a silane. The 
Si-H bond is not broken during this addition. The 
bonding is similar to that of the non-classical H- 

10 coordination (ref. 9). The newly formed complex has an 
electrophiiic character. Oxygen functions as cocatalyst 
and activates the complex by withdrawing electrons. The 
olefin can now attack the transition complex 
nucleophilically , and the new organosilane is formed 

15 ( see Figure 2) . • 

Oxygen stability is a very important feature in the 
catalyst performance in this procedure since it makes 
the application of expensive inert gas atmospheres 
unnecessary. However, the requirement of oxygen leads 

20 to problems of a different kind in reactions in the melt 
phase. At normal processing temperatures of 

polypropylene of about 200°C, oxygen reacts with the 
polymer chain, leading to degradation and formation of 
undesired oxidation products. Therefore, the oxygen 

25 necessary to activate the catalyst has to be introduced 
chemically, i.e as a peroxide (ref. 10). It is 

desirable to apply a peroxide with a long high half-life 
to ensure that the catalyst is activated during the 
complete course of the reaction, and to avoid excessive 

30 degradation due to the peroxide decay. 

Although the invention is described herein with 
reference to polypropylene, the hydrosilylation process 
is applicable to all types of polyolefins or indeed any 
other polymer which is inert to the conditions of the 

35 hydrosilylation reaction and in which double bonds may 
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be provided by degradation, such as by reaction with 
peroxide . 

The present invention is concerned with the 
f unctionalization of terminal double bonds in 
5 polypropylene and other polymers while the formation of 
cross links is avoided, to yield a linear molecule. The 
terminal double bonds are created by peroxide 
degradation. The use of any other polypropylene with 
terminal vinylidene redicals (i.e. Metallocene PP, 

10 amorphous PP) is possible. The f unctionalization is 
performed by peroxide-initiated or platinum-catalysed 
hydrosilylation. In the case of the platinum-catalysed 
hydrosilylation reaction, t-but ylhydroperoxide may be 
added as a cocatalyst. The reactions are performed in 

15 the melt phase of the polypropylene in typical 
processing equipment, i.e. an extruder, a batch mixer or 
other convenient equipment, such as a hot press. The 
reaction conditions are such that conversion of the 
reactants is high during the processing. Once the 

20 product leaves the equipment, no further treatment, such 
as curing or purifying is necessary. Degradation of the 
polypropylene to provide terminal unsaturation and 
hydrosilylation can be performed simultaneously or 
sequentially without intermittent solidif icar ion, as 

25 well as sequentially with intermittent solidification, 
as desired. 

As described below, hydrosilylation was performed 
with a hydride terminated polydimethylsiloxane as a test 
substance. Preferred for purification reasons is the 

30 use of tetramethyldisiloxane . However, all hydride 
terminated di-, tri-, or polysiloxanes may be used. 
Hydride terminated di-, tri-, or polysilanes also may be 
utilized. Silanes with more than two Si-H groups 
preferably are not employed to avoid branching and cross 

35 linking reactions. The f unctionalization with one of 
the aforementioned hydrosilylation agents yields a 
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polypropylene with a terminal Si-H group. Hence, a 
second hydrosilylation reaction can be performed on the 
product. Applications of the Si-H terminated 

polypropylene as a reactive compat ibilizer are, 
5 therefore, possible. 

A series of experiments has been carried out, as 
detailed below, which show that the hydrosilylation 
reaction can be used to f unct ionalise terminal double 
bonds in polypropylene in the melt phase. If platinum 

10 is used to catalyze the reaction, a peroxide cocatalyst 
is necessary to maintain the catalytic activity, t- 
butylhydroperoxide has been shown to be a useful 
promoter. Other peroxides and hydroperoxides can be 
employed, however. Especially, the use of 

15 silylperoxides appears to be promising due to their long 
half life. The reaction time of the hydrosilylation 
reaction is short enough to be performed in an extruder. 
This makes it possible to f unct ionalise the 
polypropylene while processing it. The platinum 

20 residuals do not influence the thermal stability of the 
product. The hydrosilylation reaction may also .be 
induced by peroxides. If a high concentration of 
peroxides is used to effect terminal double bond 
formation, degradation and hydrosilylation can be 

25 performed simultaneously. Degraded polypropylene can be 
hydrosilylated with catalytic amounts of peroxide 
present . 

Once the feasibility of the reaction has been 
shown, as set forth herein, the reaction also may be 

30 used to incorporate desired functional groups into the 
polypropylene. Modification of the terminal vinylidenes 
of the polypropylene with an organic function can be 
carried out in two ways. The first manner of proceeding 
is to use organosilanes to provide the desired organic 

35 function (see Equation 1 below) . However, this 

procedure is limited by the commercial availability of 
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these specific silanes required to introduce desired 
functionality. The second manner of proceeding is to 
use a difunctional tet ramethyidisiloxane or orher 
difunctional siloxane and an olefin with the desired 
5 function as reagents for a hydrosilylat ion reaction to 
form an organof unct lonalized siloxane (ref. 17). The 
use of excess tet ramethyidisiloxane in this reaction 
guarantees the formation of the desired monoadduct . 

As described in more detail below, this technique 

10 was applied to produce a styrene-f unctionalized 
tet ramethyidisiloxane (Equation 2 below) in a reactive 
extrusion process. Although styrene does not bear a 
true organic function, it is well suited as a model 
substance, since the phenolic ring can easily be 

15 detected by Fourier Transform Infrared Spectroscopy 
(FTIR) . The reaction showed a high yield. 

Of further interest is the use of organof unct ional 
silanes and siloxanes for the hydrosil ylat ion . One of 
the advantages of the platinum-catalysed hydrosilylat ion 

20 procedure described above is the tolerance of rhe 
reaction to functional groups, Oxiranes, acetals, 

esters, nitriles, amines, amides, nitro, ketone, 
carbamate, ether, isocyanate, phosphate, phosphonic 
dichloride, dialkoxy borane, sulfide, sulfone or 

25 carborane groups can be present without reacting. Kany 
of these functional groups are of considerable interest 
in polymer science. 

Two test reactions were performed to 
investigate this topic. First, excess 

30 tet ramethyidisiloxane was used to hydrosilylate styrene. 
The reaction was platinum catalysed. After removal of 
the excess siloxane, a s t yrylsiloxane/plat inum solution 
was provided which could directly be used to 
f unct ionalize ' the terminal double bond of the 

35 polypropylene. No further platinum catalyst was needed. 
This is important economically. In the second 
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experiment, N, N-dimethylallylamine was reacted with 
excess tet ramethyldisi loxane . The reaction product may 
be used to hydrosilylate the terminal double bonds of 
the polypropylene. This pathway of reacting 

5 tetramethyldisiloxane with an organof unct ional olefin 
and subsequently hydrosiiylat ing of the double bond 
containing polypropylene with the produced 

organof unctional siloxane can be applied to all 
organof unct ional olefins which bear organic functions 
10 that are inert under conditions of the hydrosiiylat ion 
reaction . 

EXAMPLES 

Example 1 : 

This Example describes the materials used. 

15 Polydimethylsiloxane, hydride terminated, Mw: 

4 00g/mol and Platinum divinyltetramethy Idi si loxane - 
complex (Karstedt's catalyst) were received from United 
Chemical Technologies Inc., 2 , 5-dime thy 1 -2 , 5- ( t - 
butylperoxy ) hexane (Lupersol 101) was donated by Elf 

20 AtoChem, Polypropylene (KF 6100, high molecular weight, 
isotactic , MFI 3g/10 min, ASTM D 1238 condition L) in 
powder form, unstabilized and as pellets, stabilized 
with Irganox 1010 was delivered by Montell. t- 
Butylhydroperoxide, anhydrous, 5 to 6M in decane, was 

25 received from Aldrich. Tetramethyldisiloxane was 

delivered by Fluka. Styrene was received from Eastman. 

Methanol and acetone were delivered from VWR, toluene, 
99.5% for general use, was received from BDH. All 
chemicals and solvents were used as delivered. 

30 

Example 2 : 

This Example describes the analytical procedures 
employed . 

35 (a) Fourier Transform Infrared Spectroscopy (FTIR) 

Spectra were taken with a Nicolet 520 mid-range 
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(500 to 4000 cm"-^) FTIR. Due to its high sensitivity, 
FTIR proved to be the best analytical method to obtain 
reliable analytical results in these experiments. Sample 
material that had been cleaned following the procedure 
5 described in Example 5 below was pressed to a thin film 
in the hot press prior to analysis. Due to the 
relatively low viscosity of the degraded polypropylene, 
it was also possible to take molten samples from the 
batch mixer, or the extruder die and to spread a film 
10 between two spatula. Using this approach, films as thin 
as 10 |j.m thickness could be made. 
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(b) "^H NMR 

"^H NMR is very sensitive due to the high abundance 
15 of this isotope at 99.985% (ref. 11), as found in 
nature. This sensitivity was of great advantage in 
these experiments since the concentration of the 
chemically bound silane was very small. Spectra were 
taken using a Bruker AC-300 spectrometer. Due to the 
20 poor solubility of polypropylene, the samples had to be 
run at high temperatures up to 103°C in deuterated 
toluene as solvent. 



(c) Energy dispersion X-ray analysis (EDX) 
25 Energy dispersion X-ray analysis (EDX) can be used 

to simultaneously evaluate different elements. Since 
the ratio of X-ray intensities from two elements xs 
proportional to their relative concentrations in a 
material, .the atomic fractions of these two elements in 
30 the specimen can be measured (ref. 12) . Samples were 
prepared in form of a powder. Since EDX is a surface 
analysis technique, sample homogeneity has to be 
ensured. The analysis was performed by The Surface 
Science Laboratory, The University of Western Ontario, 
35 London, Canada. 
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Example 3 : 

This Example illustrates the degradation of 
polypropylene. 

Polypropylene (PP) was degraded to provide terminal 
5 unsaturation using 2, 5-dimethyl-2 , 5- ( t-but y Iperoxy ) 
hexane (Lupersol 101), in concentrations of 0.5% to 5% 
by weight. A convention is used herein for the degraded 
material. The amount of peroxide used for the 

production of degraded polypropylene is shown in 

10 parenthesis, i.e. degraded PP (5wt%) . For degradations 
in a batch mixer, the polypropylene was mixed with the 
desired amount of peroxide and added to the preheated 
mixer at temperatures of igO"* to 200^0. To avoid access 
of oxygen as well as material loss due to foaming, the 

15 mixer was closed with either a metal or a Teflon stamp. 
Though the bulk of the peroxide was consumed within 2 
minutes, the degradation product was kneaded for 10 more 
minutes to ensure the complete removal of volatiles. 

For degradations in a single screw extruder, the 

20 polypropylene was premixed with the desired amount of 
peroxide for the hydrosilylat ion reaction and the master 
batch was added via the hopper. The degradation v;as 
performed at temperatures of 220°C and the screw speed 
was adjusted to give a residence tim.e of 5 minutes. The 

25 degradation reaction products were either ground or 
transformed to powder by dissolution in toluene and 
subsequent precipitation with methanol. 

Example 4 : 

30 This Example describes various hydrosilylat ion 

react ions . 

The equipment employed in a series of 
hydrosilylation reactions and the process conditions 
employed are summarized in Table 1 (below) . 
35 The hydrosilylation of degraded polypropylene, 

prepared as described in Example 3, with hydride 
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terminated polydimethylsiloxane was investigated. Two 
different reaction mechanisms were examined, radically 
induced hydrosiiylation (I) (Figure 1) and platinum 
catalysed addition (II) of the Si-H group to the double 
5 bond (Figure 2) . All reactions follow the same general 
reaction as expressed in equation (I) (below). 

(a) Radically Induced Hydrosiiylation (Figure 1) 

Since both the degradation of polypropylene and the 

10 hydrosiiylation reaction itself, are induced by 
peroxides, it was attempted to effect both reactions in 
polypropylene simultaneously. 110 g of polypropylene, 
5.8g of peroxide and 10 g of polydimet hylsilcxane were 
mixed to a master batch and added to the batch mixer at 

15 200°C for 5 minutes. After cleaning by repeated 
dissolution and subsequent precipitation, the material 
was investigated by FTIR. From the spectrum obtained 
(Figure 5), it can be seen clearly that the siloxane had 
been incorporated into the polypropylene. This result 

20 is indicated by the Si-O-Si absorption at 1100-1030cm"^ . 
Further proof is given by the shoulders at 770 cm'^ and 
757cm"', which can be attributed to Si-Me groups. The 
shoulder at 888 cm"^ also indicates that the polymer 
still contained double bonds. 

25 Performing degradation and hydrosiiylation in 

parallel has one large disadvantage, that is the high 
concentration of radicals. This always bears the danger 
of side reactions, such as grafting along the chain or 
undesired recombinations of two radical species. 

30 Degradation of the polypropylene with a high 

concentration of peroxide, such as 5 wt%, and subsequent 
hydrosiiylation induced by catalytic amounts of peroxide 
eliminates this problem. A hot press experiment showed 
that 0.5 g of degraded polypropylene (5wt%) was 

35 hydrosilylated with polydimethylsiloxane using 10 (^1 of 
Lupersol 101. The reaction proceeded at 160°C for 15 
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minutes. The conversion of double bonds was high as 
may be deduced by the extinction of the shoulder at 888 
cm"' . 

5 (b) Platinum Catalysed Hydrosilylation (Figure 2) 

The use of a platinum catalyst enables one to avoid 
the use of radicals completely. For the experiments, 
Karstedt*s catalyst was used since it is highly active 
and commercially available. The catalyst concentration 

10 was 2.64 x lO'"* g platinum per 1 gram of silane. The 
concentration of platinum in the polymer phase was of 
the order of 10"^ gm per gram of polymer. The actual 
catalytic species was a colloid formed by the reduction 
of the catalyst by the silane. The success of this 

15 reaction could easily be observed since the solution 
adopts a characteristic yellow colour due to this 
process. With polydimethylsiloxane and Karstecr's 

catalyst, the formation of the colloid was almost 
instantaneous. Usually the catalyst and the silane were 

20 combined prior to the introduction to the reaction 
vessel. The colloid was very stable and a siiane- 
catalyst solution may be stored for several mont.hs in 
the refrigerator without notable reduction of the 
catalytic activity. 

25 Ac processing temperatures of polypropylene of 

200°C, the molten polymer reacts with atmospheric 
oxygen. This reaction leads to not only undesired 
degradation and to the formation of oxidation products, 
such as methyl ketones, esters, aldehydes and y- 

30 lactones, ■ but also to a termination of the 
hydrosilylation reaction due to the requirement of 
oxygen as cocatalyst. Experiments in a hot press 
extruder as well as in the batch mixer confirmed this 
theory. Even after long residence times, the conversion 

35 of double bonds was very low and virtually no silane was 
incorporated. Therefore, the catalyst has to be 
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stabilized with a peroxide (ref. 10). The choice of the 
stabilizing peroxide is important. High concentrations 
of radicals should be avoided. This condition is 
important not only to reduce the chances of side 
5 reactions but also to prove the catalytic effect of the 
added peroxide. 

t-Butyl hydroperoxide with its half life time of 60 
min at 193°C (ref. 13) appeared to be the most suitable 
candidate and was applied in a 6 M solution in decane. 

10 Although literature suggests the use of peroxide 
concentrations in the order of 0.1 to 1% per weight 
reactants (ref. 10), experiments showed that much lower 
concentrations were catalyt ically active. On average, 2 
|al t-buty Ihydroperoxide solution were added to llg of 

15 reactants. This quantity equals a concentration of 0.1% 
by weight. 

In an experiment in the batch mixer, 200g of 
polypropylene (0.5wt%) were melted at 180°C. A mixture 
of 5g polydimethylsiloxane and 100 j.il of Karstedt ' s 

20 catalyst were added. A polymer sample was withdrawn 
after 30 minutes. Subsequently 400 |.il of t- 

but ylhydroperoxide in acetone (dried over CaCliO were 
added with a syringe. After another further 30 minutes, 
a second polymer sample was withdrawn. Both samples 

25 were cleaned following the procedure of Example 3 
(Figure 3). Figure 6 clearly shows that the reaction 
does not proceed without addition of a cocatalyst. No 
siloxane absorption can be observed in Curve I . After 
addition of the t-but ylhydroperoxide , hydrosilyiat ion of 

30 the polypropylene took place. Curve II shows that the 
double bonds (888 cm^"^) were converted, and the siloxane 
absorption at 1036 cm"-^ proves that silane was 
incorporated . 

In another experiment, polypropylene was degraded 
35 with 5wt% . of Lupersol 101 in the batch mixer at 200°C 
for 10 minutes. After the degradation the niaterial was 
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cooled over a period of 20 minutes to 170°C to ensure 
complete peroxide degradation. After addition of lOg 
polydimethyisiloxane and 100 |al of platinum catalyst, 
the hydrosilylat ion of the molten polypropylene 
5 proceeded without delay. This appears to contradict the 
previous result. However, the degradation in the batch 
mixer was performed in the presence of atmospheric 
oxygen. The first step of the thermal oxidation of 
polypropylene is the formation of a hydroperoxide (ref. 
10 14). Usually, it can be assumed that the life time of 
the hydroperoxide is relatively short. However, it can 
be speculated that, after 30 minutes, the concentration 
of hydroperoxides was still high enough to support the 
catalyst . 

15 The hydrosiiylation reaction on molten 

polypropylene was also performed in a single screw 
extruder and a 2^- full factorial design experiment was 
performed to investigate the ideal reaction conditions. 
Screw speed (parameter 1) and temperature (parameter 2) 

20 were used as independent variables. The other 

experimental parameters are given in Table 2 (below) . 
The degraded polypropylene, siloxane, platinum catalyst, 
and t-but ylhydroperoxide cocatalyst were added via the 
hopper as a master batch. Samples of the reaction 

25 product were taken at the die and spread to a film which 
was subsequently analysed by FTIR without further 
cleaning. The quantitative evaluation was done 

measuring the peak height of the vinyl absorption at 
888.5 cm"^ and comparing it with the polypropylene 

30 backbone peak at 973 cm"^. This resulted in a relative 
concentration of double bonds, and the results are 
summarized in Table 3 (below) . According to the 
nomenclature of a full factorial design (ref. 15) 
symbolizes the experiment with both parameters at their 

35 lower level, symbolizes the experiment with both 

parameters at their upper level and "4--" and 
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symbolize the experiments with one parameter at the 
upper level and one parameter at the lower level . For 
evaluation of the standard deviation of the experimental 
data the centre point of the design plan was repeated 
5 four times. The results are summarized in Table 4 
(below) . 

From the experimental results set forth in this 
Example, it can be concluded that the screw speed, and 
with it the residence time, had the largest influence on 

10 the double bond conversion and thus on the silane 
incorporation. Somewhat surprising was che small 

temperature influence. The statistical evaluation 

showed that the effect was not significant. The two 
factor interaction, however, was significant. Its 

15 negative value showed that the interaction lead to a 
reduction - of double bonds, that is, an increase in 
hydrosilylation product. An explanation of this result 
might be that the hydrosilylation reaction is relatively 
fast at the processing temperature, such that diffusion 

20 becomes the rate determining step. A shorter residence 
time means that less time is available for the Si-H 
group to diffuse to the double bond, although an 
increase in RPM increases the mixing in the extruder. 
With the increase in temperature, the viscosity of the 

25 polymer drops which facilitates diffusion and viscous 
dissipation. This is indicated by the two factor 
interaction . 

Example 5 : 

30 This Example describes a cleaning procedure as used 

in Example 4 . 

FTIR analysis cannot distinguish between bound and 

unbounded siloxanes. Therefore, a thorough cleaning 

procedure had to be developed to ensure complete removal 
35 of excess silanes from the treated polymer prior to 

analysis. This cleaning procedure was effected by 
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dissolution of the hydrosilyla t ion product in boiling 
toluene and subsequent precipitation with methanol. 
Threefold application of this procedure yielded a clean 
material which contained only chemically bonded silanes. 
5 If the precipitation was accomplished with dry acetone, 
the unreacted Si-H group of the difunctional siloxane 
could be preserved - 

Example 6 : 

10 This Example illustrates further hydrosilylat ion 

reactions . 

Three hydrosilylated polypropylene samples were 
prepared in the single screw extruder under the 
conditions described in Table 5 (below) . The samples 

15 were cleaned following the cleaning procedure of Example 
5. The precipitate was subsequently dried and the 
powder yielded was sent for elemental analysis by energy 
dispersive X-ray spectroscopy (EDX) . The results are 
summarized in Table 6 (below) . 

20 The application of NMR proved the connection 

between the polypropylene and the siloxane. Figure 3 
shows the result of a hydrosilyla t ion reaction of 5wt% 
polypropylene with polydimethylsiloxane in the Haake 
mixer. The singlet- at 0.4 ppm can be assigned to the 

25 protons (No. 1 + 2) of the methylene carbon which is 
connected to the siloxane. Theoretically, this peak 
should split into a doublet due to proton-proton 
coupling. Dvornic (ref. 16), reported a similar case, 
where the hydrogens of a methylene carbon connected to a 

30 siloxane only appeared as a singlet. The multipiet 
between 0.27 ppm-0.2 ppm is due to the hydrogens (No. 3) 
of the siloxane methyls. 

One advantage of reactive extrusion is that the 
polymer may be f unct ionalized and reacted in one step. 

35 This operation, however, requires that all reactants 
remaining in the product do not harm its quality. In 
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the case of the platinum catalysed hydrosily lat ion 
reaction, the influence of the platinum colloid on the 
stability of the polypropylene has to be considered. 

To investigate this issue, a thermogravimet ric 
5 experiment was performed. A sample of a degraded 
polypropylene (5wt%) which had been hydrosilylated in 
the single screw extruder was heated in a helium 
atmosphere to 500**C with a temperature ramp rate of 
20°C/min. As can be seen from the thermogram of Figure 

10 4, the onset of the thermal degradation was observed at 
389.72^*0. At processing temperatures of 200''C the 
material was stable; no degradation was observed. For 
comparison degraded polypropylene (5wt%) was 

investigated under the same conditions. Here, the onset 

15 temperature of the thermal degradation was at 407.8*^0. 
This shows that the presence of the platinum catalyst 
has no detrimental influence on the thermal stability of 
polypropylene . 



20 Example 7 : 

This Example describes the hydrosilylat ion of 
styrene. 

0.2 mol (26.86 g) of tetramethyldisiloxane and 0.02 
mol (2.08 g) of styrene were added to a round bottomed 

25 flask together with 40 (il of Karstedt ' s catalyst. The 
reaction was allowed to proceed for 6 hours at 
temperatures of 70°C to ensure complete conversion. The 
residual siloxane was removed by distillation. After 
removal of the excess siloxane, t-butylhydroperoxide was 

30 added to the s tyrylsiloxane catalyst solution, which was 
consequently added to polypropylene powder. The 
material was reacted in the hot press at 200^^0 for 30 
min . After cleaning following the procedure of Example 
4, the product was investigated by FTIR. It can be seen 

35 from Figure 7 that the characteristic double bond 
absorption at 888 cm"-*- is nearly extinguished. The Si- 
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0-Si absorption at 1050 cm'- indicates the incorporation 
of tetramethyldisiloxane . The success of rhe reaction 
is further supported by the occurrence of a peak at 699 
cm"' which indicates the presence of the styrene in the 
5 polymer phase. It is emphasized that no additional 
platinum catalyst had to be used. The platinum, which 
had been used in the production of the styryl-siloxane, 
was activated sufficiently enough with t- 
butylhydroperoxide to catalyse the hydrosilylation of 
10 the polypropylene (see Equation (2)). 



SUMMARY OF DISCLOSURE 

In summary of this disclosure, hydrosilylation of 
terminal unsaturation in polypropylene and other 

15 polymers is effected in the melt phase, by peroxide- 
initiated or platinum catalyzed reaction. The reaction 
may be employed to provide a terminal Si-H group for 
further reaction or to introduce organic functionality 
inro the polymer. Modifications are possible within the 

20 scope of this invention. 
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Table 1 : Overview of Different Reaction Vessels 



Device 


Temperature 


Mixing 


Pressure 


Residence 
Time 


hot press 


160-200°C 


no 


yes 


15min-lh 


batch mixer 


160-180^C 


yes 


no 


up to 2h 


extruder 


170-230°C 


yes 


yes 


2-8 min. 



Table 2 : Conditions of 2^ full Factorial Design 



1 Variable 


Value 


screw speed 


10-50 RPM 


temperature 


170-210X 


silane 


polydimethylsiloxane (4g) 


degraded polypropylene (5wt%) 


(40 g) 


Pt-catalyst 


40 


t-butylhydroperoxide 


80 ^L 


nozzle diameter 


1 mm 
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Table 3 : Relative Concentration of the Double Bond in 1? Full Factorial Design 



Pxneriment 


screw speed In 
RPM 


Temperature in 
°C 


relative Cone. 


centre point 1 


30 


190 


0.1184 


centre point 2 


30 


190 


0.1137 


centre point 3 


30 


190 


0.1173 


centre point 4 


30 


190 


0. 1098 




10 


170 


0.0988 




50 


170 


0.1370 


- + 


10 


210 


0.1060 




50 


210 


0.1187 


Table 4: Results of 2^ Full Factorial Design 


P values 


F-test results 


standard deviation 


F-distribution 


Po = 0.11512 




(center point) 
= 1.515*10' 


Upper 10%:5:54. 
Upper 5%: 10. 13 
Upper 1%:34.21 


Pj = 0.01272 


F, = 42.01 


p2 = 0.002775 


F, = 2.035 


Pj = 0.006375 


F3 = 10.737 
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Table 5 : Conditions of Experiments for Quantitative Analysis 



Variable 


Value 


screw speed 


20 RPM 


temperature 


200°C 


silane 


polydimethylsiloxane (4g) 


degraded polypropylene 


5wt% (40 g) 


Pt-catalyst 


40 


t-butylhydroperoxide 


80 |iL 


nozzle diameter 


1 mm 



Table 6 : Results of Quantitative Analysis (in Atomic %) 



Sample 


Carbon 


Oxygen 


Silicon 


Si/C 


No. 1-area 1 


93.9 


5.6 


0.4 


0.0043 


No. I -area 2 


94.0 


5.5 


0.5 


0.0053 


No. 1-area 3 


95.4 


4.1 


0.5 


0.0052 


No. 2 -area I 


94.9 


4.6 


0.5 


0.0053 


No. 2-area 2 


95.4 


3.7 


0.9 


0.0094 


No. 2-area 3 


95.2 


4.9 


0.5 


0.0053 


No. 3 -area I 


95.4 


4.3 


0.3 


0.0031 


No. 3 -area 2 


94.8 


4.9 


0.4 


0.0042 


No. 3 -area 3 


94.0 


5.7 


0.3 


0.0032 
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INSERT EQUATIONS 1 and 2. 

PP + H Si R PP Si R 



R = organic functionality 
Equation 1 
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CIAIMS 

What we claim is: 

1. A method of hydrosilyiacion of a polymer, which 
comprises : 

effecting hydrosilylat ion of unsaturation in a 
polymer in the melt phase of the polymer to provide a 
silane on the polymer. 

2. The method of claim 1 wherein said hydrosilylat ion 
of the polymer in the melt phase is effected by reactive 
extrusion . 

3. The method of claim 2 wherein said polymer is 
polypropylene with a terminal unsaturation. 

4. The method of claim. 3 wherein said terminal 
unsaturation is provided in said polypropylene by 
reaction with peroxide. 

5. The method of claim 4 wherein said terminal double 
bonds are formed during said reactive extrusion. 

6. The method of claim 4 wherein said hydrosilyiation 
reaction is effected by a radically-induced 
hydrosilyiation reaction in which a peroxide initiator 
is reacted with a hydrosilane to form a silyl radical 
and the silyl radical attacks the terminal double bond 
to form a saturated organosilane and a new silyl 
radical . 

7. The method of claim 6 wherein said hydrosilane is a 
hydride terminated polydimet hylsiloxane , 

8. The method of claim 4 wherein said hydrosilyiation 
reaction is effected by platinum catalysis, an Si-H bond 
of a hydrosilane is coordinated to the surface of 
oxygen-stabilized platinum to form a colloid, and 
nucleophilic attack of the terminal double bond is 
effected on the Si-H bond in the colloid to form a 
saturated organosilane. 

9. The method of claim 8 wherein oxygen is provided by 
a peroxide cocatalyst. 

10. The method of claim 9 wherein said peroxide 
cocatalyst is a silyl peroxide. 
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11. The method of claim 9 wherein said peroxide 
cocatalyst is t-butylhydroperoxide . 

12. The method of claim 8 which is carried out using a 
platinum di vinyl tetramethyldisiloxane complex 
(Karstedt's catalyst). 

13. The method of claim 1 which is used to introduce a 
desired organic functionality to the polymer. 

14. The method of claim 13 wherein said polymer is 
polypropylene . 

15. The method of claim 13 wherein said desired organic 
functionality is introduced by employing an organosilane 
in the hydrosilylation reaction which bears the desired 
organic functionality . 

16. The method of claim 14 wherein said desired organic 
functionality is introduced by reacting an olefin with 
the desired organic functionality and a 
polydimethyisiloxane with the terminal double bond on 
the polypropylene . 



BNBOCXJID: <V«>_J747ee6A1JL> 



wo 97/47665 



PCT/CA97/00412 



1/6 



RO — OR 2RO' 

= Si H + RO* — 



ROH + = Si* 



Si 





R + =Si H 



Si 




FIG.1 



R + = Si^ 



Pt 



O 



-Si— O— Si — 



J 2 



O2 



H Si R3 



.0 



Ptx (O-O) + H2 + Silicon Products 
+HSiR3 \ ^ 



.1 /^Pt^(O-O) 
SiR3 ^ 



. + HSiR3 



0 




SiR 



^ Ptx (O-O) 



SiR3 



+ R' 



Pty(0-0) + H2+ R3Si-SiR3 
large colloid 

FIG.2 

SUBSTITUTE SHEET (RULE 26) 



BNSOOOD: 4WD_874ra68A1JLj» 



wo 97/47665 PCT/CA97/004I2 




BN80OCC0: ^IK>_97478B6A1JL> 



SUBSTITUTE SHEET (RULE 26) 




0 100 200 300 400 500 



Temperature(°C) 

FIG.4 



Bt4SDOCID: <«K>_^47WM1JL> 



SUBSTITUTE SHEET (RULE 26) 



wo 97/47665 PCT/CA97/0<)412 



4/6 







Curve 1 / 


% 


35- 


Curve 2 ; J 


T 








r 








a 








n 


25- 






s 








m 








i 

t. 


15- 








5- 






1180 1100 1020 940 860 780 






Wavenumbers (cm-1) 



FTIR 1 



FIG.5 



BN80OCI0: <W(0_97«7e66*1_L> 



SUBSTITUTE SHEET (RULE 26) 



wo 97/47665 PCT/C A97/004 1 2 



5/6 




1220 1140 1060 980 900 820 
Wavenumbers (cm-1) 



FTIR 2 

FIG.6 



SUBSTITUTE SHEET (RULE 26) 



wo 97/47665 PCT/CA97/00412 



6/6 




1150 1050 950 850 750 650 
Wavenumbers (cm-1) 



FTIR 3 

FIG.7 



BI480OC)D: <WO_«747e66A1JL^ 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONi»rSEARCH REPORT 



Inie *a&l Apphcaoon No 

PCT/CA 97/Q0412 



A. CLASSIKCATIOS OF SUBJECT MATTER 

IPC 6 C08F8/42 



According to Intemaoonal Patent OasnOcAOon flPO or to both naoonai clasaficaQcm and IPC 



B. FIELDS SFARCHED 



Minimum documcnunon searched (classificaaon system lollowcd by dasaficaoon symbols) 

IPC 6 C08F 



DocumentaQon searched other than minimum documcntabon to the extent thai such documents are included m the fields searched 



Electronic dau baie consulted dunng the mtemaaonaJ search <name of data base and« where pracucaJ. search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 


CaUgory ' 


ClUaon of document, with mdicaDon, where appropnate. of the relevant passages ! 

j 


Relevant to claim No. 


X 


EP 0 7G9 403 A (KANEGAFUCHI KAGAKU K06Y0 
KABUSHIKI KAISHA) 1 May 1996 
see page 2, line 52 - page 3, line 12 
see page 4, line 41 - page 7, line 39 
see page 8, line 1 - line 16; claims 1-10 


1-3,5.8. 

12-16 


Y 


US 4 803 244 A (J. D. UMPLEBY) 7 February 
1989 

cited in the application 
see column 3, line 8 - column 4, line 11 
see column 4, line 67 - column 5, line 33; 
claims 1-15 


I- 3.5-9. 

II- 16 


Y 


EP 0 658 575 A (KANEGAFUCHI KAGAKU KOGYO 
KABUSHIKI KAISHA) 21 June 1995 
see the whole document 

-/- 

i 


I- 3,5-9, 

II- 16 



en 



Further documcnu are listed m the cononuaoon of box C. 



Patent family members are listed m aiuiex. 



* Speaal categories of a led documents : 

'A* document defining the general state of the an which is not 

confidered to be of particular rclevaiKc 
'£* earlier document but publtihed on or after the international 

rUing date 

'L' document which may throw doubts on pnonty daimis) or 
which IS aud to estkblish the pubticaoon dau of another 
ataoon or other speaal reason (as specified) 

'Q' document refemng to an oral disclosure, use, exhibioon or 
other means 

'P' document published pnor to the mtemattonal filmg date but 
later than the pnoniy date claimed 



*T' later document published after the mtemattonal filing dau 
or pnoniy date and not in conflict with the Applicaaon but 
attd to undcntand the pnnaple or theory underlymg the 
in vena on 

'X' document of pamcutar relevance; the claimed mvcntion 
cannot be consdered novel or cannot be considered to 
involve an invcnove step when the document is taken alone 

*Y' document of particular relevance; the claimed invenoon 

carmoi be considered to involve an inventive step when the 
document is combined with one or nwre other such docu* 
mentt, such combination being obvious u> a penon slallcd 
in the art. 

'Sl' document member of the same patent family 



Date of the actual completion of the mtcmationai search 

3 September 1997 



Dau oi mailing of the inumauonai search report 

1 2. 09. 97 



Name and mailing address of the tSA 

Euix>pc«n Patent Office. P.B. S818 PaunUaan 2 
NL - 3280 HV Riiswiik 
Td. ( + 31-70) 340-2040, Tx. 31 6S1 epo nl, 
Fax: ( ^ 31-70) 340- 301 6 



Authorized officer 



Permentier, W 



Form PCT /ISA/310 (u 



nd shMi) (July 1993) 



page 1 of 2 



BN800CID: <WO_fl747e66A1JL> 



^©rE 



RNATIONAL SEARCH REP 



9^ 



Intci nai Appticaoon No 

PCT/CA 97/00412 



C.(Conumunon) DOCUMKNTS CONSIDERED TO BE RELEVANT 



Category ' 



CiUDon 01 doctoncnL wiui inoicaaon. where appropnAU. of Oie relevani pusages 



Relevant to cium No. 



us 5 359 113 A (H. M. BANK) 25 October 
1994 

cited in the application 

see column 5, line 55 - column 6, line 45; 

claims 1-18 

GB 2 110 706 A (ANIC SPA) 22 June 1983 
see page 3, line 36 - line 42; claims 1-35 

EP 0 201 371 A (SOCIETE NATIONALE DES 
POUORES ET EXPLOSIFS) 12 November 1986 
see page 6, line 24 - line 28; claims 1-14 

EP 0 320 259 A (DOW CORNING CORPORATION) 
14 June 1989 

see page 4» line 27 - page 5, line 17; 
claims 1-4 



I- 3,5-9. 

II- 16 



Form PCT.aSA/310 (conunuauon of Mcond thmi\ 4July If 93) 
BN80OCID: <WO_fl747e66A1JL> 



page 2 of 2 



INTERNATIONyfflFSEARCH REPORT 



.niormAQon on pAtcni lanuly mcmben 



Inie .tiAi AppliCAOon No 

PCT/CA 97/00412 



Paieni documeni 


Publicauon 




Paieni family 


Publicauon 


cited in search report 


date 




mcmber(s) 


dale 


EP 709403 A 


01-05-96 


JP 


8127683 A 


21-G5-96 






JP 


8134220 A 


28-05-96 


US 4803244 A 


07-02-89 


NONE 




CO f^CiQClZi A 

tr OOOD/O A 


91 HA QC 


JP 


7165818 A 








US 


5447990 A 




U5 5359113 A 


^5-10-94 


EP 


0652222 A 


in nc QC 






JP 


7207159 A 


AO AQ 


Go 2110/05 A 


Oil 0*5 


BE 


895327 A 








BR 


8207298 A 


iO " iU"0 J 






ct 
\^f\ 










DE 


3245795 A 


18-08-83 






FR 


2530643 A 


27-01-84 






NL 


8204798 A.B. 


Ui*U/ O J 






US 


4524187 A 








JP 


1683911 C 


•3 1 n7 Q9 






JP 


3045724 B 


1 o n*7 Q 1 
12-0/-y i 






JP 


58108208 A 


28-06-83 


EP 201371 A 


iZ-ll-OD 


r t\ 




iU-iU-OD 






CA 


1272833 A 


1 A HP -QH 






IN 


167891 A 


nt^-H 1 -Q 1 
UD-u 1 -y i 






JP 


61264007 A 


91 11 -ftA 






US 


4845153 A 


u**-u/ -oy 


EP 320259 A 


14-06-89 


US 


4808664 A 


9ft r\9 ftO 






AU 


2674588 A 


15-06-89 






CA 


1311076 A 


01-12-92 






DE 


3880644 A 


03-06-93 






DE 


3880644 T 


18-11-93 






JP 


1197509 A 


09-08-89 






JP 


1971098 C 


27-09-95 






JP 


6102692 B 


14-12-94 





Fotm PCT/1SA/3IQ (pfttmi family wam) <July 1993) 



BNSOOaD: <*«D_fl747e6SA1JL> 



